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(54) Wireless transmitting method 

. (57) A wireless transmitting method, comprising the 
steps ot forming a frame having a predetermined time 
period, placing a stream transmission area SPA and an 
asynchronous transmission area ASYNCA in the frame, 
the stream transmission area SPA having a predeter- 
mined number of time slots SL1, SL2, ... for transmitting 
data, allocating isochronous data to the time slots, trans- 



mitting the isochronous data in the stream transmission 
area SPA, transmitting asynchronous data in the asyn- 
chronous transmission area ASYNCA, and changing 
the allocation of the time slots and widening the asyn- 
chronous transmission area ASYNCA of the frame so 
as to gather the asynchronous transmission area 
ASYNCA when a time slot is unallocated. 
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Description 

.[0001] The present invention relates to a wireless 
transnnitting method suitable for wirelessly transnnitting 
chronologically continuous data streams (such as digital 
audio data and digital video data) and asynchronous da- 
ta (such as commands) between for example digital au- 
dio units or between digital video units. 
[0002] Audio units and video units have been digitized 
as with for example CD (Compact Disc) players, MD 
(Mini Disc) recorders/players, digital VCRs, digital cam- 
eras, and DVD (Digital Versatile Disc) players. As per- 
sonal computers have become common, systems that 
connect such digital audio units or digital video units to 
personal computers have been proposed. As an inter- 
face that accomplishes a system that connects such dig- 
ital audio units or such digital video units to a personal 
computer, IEEE 1394 is becoming attractive. 
[0003] The IEEE 1394 interface supports both an is- 
ochronous transmission mode and an asynchronous 
transmission mode. The isochronous transmission 
mode is suitable for transmitting chronologically contin- 
uous data streams such as video data and audio'data 
at high speed. The asynchronous transmission mode is 
suitable for transmitting various commands and files. 
Since the IEEE 1394 interface supports both the iso- 
chronous transmission mode and the asynchronous 
transmission mode, when the IEEE 1394 interface is 
used, video data and audio data can be transmitted be- 
tween digital audio units and between digital video units, 
respectively. With a personal computer connected to 
such digital units through the IEEE 1394 interface, the 
user can easily control and edit video data and audio 
data. 

[0004] The IEEE 1394 interface is a wired interface. 
To structure such a system with a wired interface, cable 
connections are required. In addition, such cable con- 
nections tend to become complicated. Moreover, with a 
wired interface, it is difficult to connect units that are dis- 
posed in different rooms. 

[0005] Thus, it is desired to accomplish a wireless in- 
terface that wirelessly connects digital audio units or dig- 
ital video units and connects these units and a personal 
computer When digital audio units or digital video units 
are wirelessly connected or when these units and a per- 
sonal computer are wirelessly connected, as with the 
above-described the IEEE 1394 interface, it is desired 
to support both the isochronous transmission mode that 
allows a data stream such as video data or audio data 
to be transmitted at high speed and the asynchronous 
transmission mode that allows asynchronous data such 
as commands and files to be transmitted in the same 
manner as the IEEE 1 394 interface. 
[0006] However, a transmission path available with a 
wireless LAN is restricted. Thus, it is difficult to effective- 
ly transmit two different types of data transmission such 
as a data stream at high speed and asynchronous data 
on a wireless transmission path. 
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[0007] Therefore, an object of the present invention is 
to provide a wireless transmitting method that allows two 
different types of data transmission such as data 
streams and asynchronous data to be effectively trans- 
s mitted so as to effectively transmit data between digital 
audio units, between digital video units, or between 
these units and a personal computer 
[0008] To solve the above-described problem, the 
present invention is a wireless transmitting method, 
10 comprising the steps of forming a frame having a pre- 
determined time period, placing a stream transmission 
period and an asynchronous transmission period in the 
frame, the stream transmission period having a prede- 
termined number of time slots for transmitting data, al- 
15 locating isochronous data to the time slots, transmitting 
the isochronous data in the stream transmission period, 
and transmitting asynchronous data in the asynchro- 
nous transmission period. 

[0009] In addition, the present invention is a wireless 
transmitting method, comprising the steps of forming a 
frame having a predetermined time period, placing a 
stream transmission period and an asynchronous trans- 
mission period in the frame, the stream transmission pe- 
riod having a predetermined number of time slots for 
transmitting data, allocating isochronous data to the 
time slots, transmitting the isochronous data in the 
stream transmission period, transmitting asynchronous 
data in the asynchronous transmission period, and 
changing the allocation of the time slots and widening 
the asynchronous transmission period of the frame so 
as to gather the asynchronous transmission period 
when a time slot is unallocated. 

[0010] Moreover, the present invention is a wireless 
transmitting method, comprising the steps of forming a 
frame having a predetermined time period, placing a 
stream transmission period and an asynchronous trans- 
mission period in the frame, the stream transmission pe- 
riod having a predetermined number of time slots for 
transmitting data, allocating isochronous data to the 
time slots, transmitting the isochronous data in the 
stream transmission period, transmitting asynchronous 
data in the asynchronous transmission period, search- 
ing a data stream having time slots that are unallocated, 
and. placing the time slots of the searched data stream 
to the positions of the unallocated time slots so as to 
gather and widen the asynchronous transmission peri- 
od. 

[0011] The present invention is a wireless transmitting 
method, comprising the steps of forming a frame having 
a predetermined time period, placing a stream transmis- 
sion period and an asynchronous transmission period 
in the frame, the stream transmission period having a 
predetermined number of time slots for transmitting da- 
ta, allocating isochronous data to the time slots, trans- 
mitting the isochronous data In the stream transmission 
period, and transmitting asynchronous data in the asyn- 
chronous transmission period. Thus, two different types 
of data transmission of data streams and asynchronous 
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data can be effectively performed. 
[0012] The present invention is a wireless transnnitting 
method, comprising the steps of forming a frame having 
a predetermined time period, placing a stream transmis- 
sion period and an asynchronous transmission period 
in the frame, the stream transmission period having a 
predetermined number of time slots for transmitting da- 
ta, allocating isochronous data to the time slots, trans- 
mitting the isochronous data in the stream transmission 
period, transmitting asynchronous data in the asynchro- 
nous transmission period, and changing the allocation 
of the time slots and widening the asynchronous trans- 
mission period of the frame so as to gather the asyn- 
chronous transmission period when a time slot is unal- 
located. ThuS: two different types of data transmission 
of data streams and asynchronous data can be effec- 
tively performed. 

[001 3] The wireless transmitting method further com- 
prising the steps of searching a data stream having time 
slots that are unallocated, and placing the time slots of 
the searched data stream to the positions of the unallo- 
cated time slots so as to gather and widen the asynchro- 
nous transmission period. Thus, two different types of 
data transmission of data streams and asynchronous 
data can be effectively performed. In addition, the con- 
tinuity of time slots used for a data stream can be main- 
tained. 

[0014] Embodiments of the Invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a schematic diagram showing an example 
of a wireless network system according to the 
present invention; 

Fig. 2 is a schematic diagram for explaining a star 
type network system; 

Fig. 3 is a schematic diagram for explaining the 
structure of one frame in the wireless network sys- 
tem according to the present invention; 
Fig. 4 is a flow chart for explaining a time slot allo- 
cating process; 

Fig. 5 is a flow chart for explaining a frame process; 
Figs. 6A to 6C are' schematic diagrams for explain- 
ing an area allocating process of a frame; 
Figs. 7A to 7C are schematic diagram for explaining 
an area allocating process of a frame; 
Figs. 8A to BD are schematic diagrams for explain- 
ing an example of a slot position changing process; 
Fig. 9 is a flow chart for explaining an example of a 
slot position changing process; 
Figs. 10A to 10E are schematic diagrams for ex- 
plaining another example of the slot position chang- 
ing process; 

Fig. 1 1 is a flow chart for explaining another exam- 
ple of the slot position changing process; and 
Fig. 12 is a block diagram showing an example of 
a wireless node of the wireless network system ac- 
cording to the present invention. 
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[0015] According to the present invention, as with the 
IEEE 1394 interface, a system that wirelessly transmits 
a data stream (such as video data or audio data) and 
asynchronous data (such as commands) is structured. 
5 Fig. 1 shows an outline of such a wireless network sys- 
tem. 

[0016] In Fig, 1, WN1, WN2, WN3, ... are wireless 
nodes as Peripheral communicating stations. Digital au- 
dio units or digital video units AVI, AV2,... such as a CD 
player, an MD recorder/player, a digital VCR. a digital 
camera, a DVD player, and a television receiver can be 
connected to the wireless nodes WN1, WN2, ... In ad- 
dition, a personal computer can be connected to the 
wireless nodes WN1, WN2, WN3, ... Each of the digital 
audio units and digital video units AV1 , AV2, ... connect- 
ed to the wireless nodes WN1, WN2, ... has the IEEE 
1394 digital interface. The wireless nodes WN1, 
WN2, ... and the digital audio units and digital video units 
AV1, AV2, ... are connected with the IEEE 1394 digital 
interface. 

[0017] WNB is a wireless node as a controlling sta- 
tion. The wireless node WNB as the controlling station 
exchanges control data with the wireless nodes WN1, 
WN2, ... as the communicating stations. The wireless 
nodes WN1, WN2, ... as the communicating stations 
communicate each other under the control of the wire- 
less node WNB as the controlling station. The wireless 
nodes WN1, WN2, ... as the communicating stations 
wirelessly exchange chronologically continuous data 
streams (isochronous data) and asynchronous data 
such as commands. 

[0018] In this example, as shown In Fig. 2, a star type 
topology wireless LAN is structured. In the star type to- 
pology, the wireless LAN is composed of a central con- 
trolling station CN and peripheral terminal stations TN1 , 
TN2, ... The terminal stations TNI, TN2, ... exchange 
data under the control of the central controlling station 
CN. The central controlling station CN corresponds to 
the wireless node WNB. The terminal stations TNI, 
TN2, ... correspond to the wireless nodes WN1, WN2. ... 
It should be noted that the structure of the wireless LAN 
is not limited to such a star type topology. 
[0019] Control data, chronologically continuous data 
streams such as audio data and video data, and asyn- 
chronous data such as commands are transmitted be- 
tween the wireless nodes WN1. WN2, ... and the wire- 
less node WNB. These types of data are transmitted as 
frames as shown in Fig. 3. 

[0020] Fig. 3 shows a frame structure of data trans- 
mitted between the wireless node WN1, WN2, ... and 
the wireless node WNB. As shown In Fig. 3, at the be- 
ginning of one frame, a control area IsAAior management 
information such as network information is placed. The 
control area MA is followed by a stream packet trans- 
mission area SPA and an asynchronous transmission 
area ASYNCA. 

[0021] The stream packet transmission area SPA is 
used for a high speed communication equivalent to the 
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isochronous transmission mode of the IEEE 1394 inter- 
face. The stream packet transmission area SPA is com- 
posed of time slots SL1, SL2, ... The time slots SLI, 
SL2, are units of which data is time-division multi- 
plexed. The time slots are placed at intervals of a pre- 
determined time period. In this example, the number of 
the time slots SL1. SL2, ... is 16. With different time slots 
SL1,SL2, ...,for example 1 6 data streams can be t rans- 
mitted in the same system at a time. 
[0022] In the above-described example, the number 
of time slots is 16. However, it should be noted that the 
number of time slots is not limited to 16. In addition, the 
time slots may be placed at any positions of a frame. 
[0023] In the stream packet transmission area SPA. 
data streams are transmitted with the time slots SLI , 
SL2, ... At this point, the number of time slots SL1, 
SL2, ... used for one data stream is not constant. For 
example, the bit rate of an MPEG2 data stream varies 
corresponding to its pattern or its motion. When the in- 
formation amount of a data stream is large, the number 
of time slots SL1 , SL2, ... used for one data stream be- 
comes large. In contrast, when the information amount 
of a data stream is small, the number of time slots SLI , 
SL2, ... used for one data stream becomes small. 
[0024] In the stream packet transmission area SPA. 
since data is transmitted at high speed, a data re-trans- 
mitting operation cannot be performed. Thus, an error 
correction code corresponding to block encoding meth- 
od is added to the data to correct an error thereof. 
[0025] The asynchronous transmission area ASYN- 
CA is equivalent to the asynchronous transmission 
mode of the IEEE 1394 interface. Thus, the asynchro- 
nous transmission area ASYNCA is used for asynchro- 
nous data such as commands. When data in the asyn- 
chronous transmission area ASYNCA is transmitted, for 
an error-free transmission, an acknowledgment signal 
sent back from the remote party is checked. When an 
acknowledgment signal is not received, a data re-trans- 
mitting operation is performed. 

[0026] As a transmission controlling method in the 
asynchronous transmission area ASYNCA, the wireless 
node WNB as the central controlling station polls the 
wireless nodes WN1, WN2, ... as the communicating 
stations or detects carrier signals therefrom so as to pre- 
vent transmission requests from colliding on a transmis- 
sion path. 

[0027] When data streams are transmitted between 
the wireless nodes WN1, WN2, the time slots SLI, 
SL2. ... are allocated by the wireless node WNB as the 
controlling station. 

[0028] The wireless node WNB as the controlling sta- 
tion manages a communication state of the system and 
recognizes time slots that are being used. In addition, 
the wireless node WNB as the controlling station trans- 
mits management area information. With the manage- 
ment area inforrnation, each of the wireless node WN1 , 
WN2: ... can determine what time slots SL1, SL2, ... are 
being used for what data streams. 



[0029] When the wireless node WN1, WN2, ... have 
Issued data stream transmission requests, they are 
transmitted to the wireless node WNB as the controlling 
station. The wireless node WNB as the controlling sta- 

5 tion allocates the time slots SL1 , SL2, ... to the wireless 
nodes WN1, WN2, ... that have issued the data trans- 
mission requests. In addition, the wireless node WNB 
as the controlling station transmits information of the 
newly allocated time slots SL1. SL2, ... to the other wire- 

10 less nodes WN1. WN2, ... The wireless nodes WN1. 
WN2, ... that have been requested for the data trans- 
mission transmit data streams to the remote stations 
with the allocated time slots SLI, SL2, ... 
[0030] Fig. 4 is a flow chart showing such a process. 

15 In Fig. 4, when a unit AV1. AV2, ... connected to a wire- 
less node WN1, WN2. ... has issued a transmission re- 
quest to the wireless node WNB through the interface 
(at step SI), the wireless node WNB obtains the trans- 
mission rate of the data strearn (at step S2). The wire- 

20 less node WN1 . WN2, ... receives management area in- 
formation (atstepSS). The wireless node WN1, WN2, ... 
determines whether or not there is a time slot SL1 , 
SL2, ... that the wireless node WN1 , WN2, ... can newly 
allocate corresponding to the transmission rate of the 

25 data stream (at step S4). When there is no time slot SLI , 
SL2, ... that the wireless node WN1 . WN2, ... can allo- 
cate, the wireless node WN1 , WN2, ... transmits to the 
unit AVI. AV2^ ... connected thereto a message that rep- 
resents the data stream cannot be transmitted (at step 

30 S5). When there is a time slot SLI. SL2. ... that the wire- 
less node WN1, WN2, ... can allocate, the requested 
wireless node WN1, WN2, ... transmits a time slot allo- 
cation request to the wireless node WNB as the control- 
ling station (at step S6). 

35 [0031] The wireless node WNB as the controlling sta- 
tion receives the time slot allocation request (at step S7) 
and determines whether or not a time slot can be allo- 
cated corresponding to the time slot allocation request 
(at step SB). When a time slot SLI , SL2, ... cannot be 

^0 allocated, the wireless node WNB transmits to the wire- 
less node WN 1 , WN2. ... a message that represents that 
the data stream cannot be transmitted (at step S9). 
When a time slot SLI. SL2. ... can be newly allocated, 
the wireless node WNB transmits the newly allocated 

45 time slot SLI, SL2. ... to both the wireless node WN1 . 
WN2, ... that has issued the transmission request and 
the requested wireless node WN1, WN2, ... (at step 
S10). The wireless node WNB as the controlling station 
adds the newly allocated time slot SL1 , SL2, ... to man- 

50 agement area information and transmits the resultant 
management area information to each wireless node 
WN1, WN2. ... (at step S11). After the time slot SLI, 
SL2, ... has been allocated, the requested wireless node 
WN1. WN2, ... transmits and receives data with the al- 

55 located time slot (at step S1 2). 

[0032] The wireless node WNB as the control station 
controls the allocation of the time slots SLI , SL2, ... The 
time slot allocation through communication between the 
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wireless node WN1. WN2, ... and the wireless node 
WNB nnay be performed with for example asynchronous 
data in the asynchronous transmission area ASYNCA. 
Alternatively, the time slot allocation may be performed 
with control information in the control area MA at the be- 
ginning of each frame. 

[0033] Fig. 5 shows a process for forming a frame with 
the stream packet transmission area SPA and the asyn- 
chronous transmission area ASYNCA. In Fig. 5, the 
wireless node WNB as the control station transmits 
management area information (at step 821 ). A wireless 
node WN1, WN2, ... as a communicating station re- 
ceives the management area information and obtains 
time slot allocation information (at step S22). The wire- 
less node WN1, WN2, ... as the communicating station 
determines whether or not an allocated time slot SL1 , 
SL2, ... is available (at step S23). When the allocated 
time slot SL1, SL2, ... is available, the wireless node 
WN1 , WN2. ... transmits a relevant data stream with the 
allocated time slot SL1 , SL2, ... (at step 824). When the 
allocated time slot SL1 , SL2, ... is not available, the wire- 
less node WN1, WN2, ... does not transmit the data 
stream. After the wireless node WN1, WN2, ... has 
transmitted the data stream, it transmits information in 
the asynchronous transmission area ASYNCA (at step 
S25). Thereafter, the wireless node WN1, WN2, ... de- 
termines whether or not one frame has been transmitted 
(at step S26). When one frame has been transmitted, 
the wireless node WN1, WN2, ... completes the proc- 
ess. 

[0034] After a data stream has been transmitted with 
the time slots SL1 , SL2, the information in the asyn- 
chronous transmission area ASYNCA is transmitted. 
Thus, the asynchronous transmission area ASYNCA is 
added at the end of the allocated time slots SL1 , SL2, . 
[0035] As shown in Fig. 3, one frame is composed of 
a control area MA, a stream packet transmission area 
SPA, and an asynchronous transmission area ASYN- 
CA. As described above, after data streams have been 

transmitted with the time slots SL1 , SL2 information 

ot the asynchronous transmission area ASYNCA is 
transmitted: When the unallocated time slots SL1, 
SL2, ... are the time slots just followed by the asynchro- 
nous transmission area ASYNCA, the time period of the 
unallocated time slots SL1, SL2. ... is included in the 
time period of the asynchronous transmission area 
ASYNCA. Thus, the time period of the stream packet 
transmission area SPA and the time period of the asyn- 
chronous transmission area ASYNCA are adaptively 
varied corresponding to a communication state. Thus, 
when data streams are affordably transmitted, the time 
period of the asynchronous transmission area ASYNCA 
is increased. Thus, the efficiency of the data transmis- 
sion is improved. 

[0036] In other words, as shown in Fig. 6A, when all 
time slots SL1 to SL16 have been used, most of time 
period T1 of one frame is used for the stream packet 
transmission area SPA. Time period T2 at the end of 



one frame is used for the asynchronous transmission 
area ASYNCA. 

[0037] On the other hand, as shown in Fig. 68, when 
the time slots SL1 to SL1 0 have been used and the time 

5 slots 8L11 to SL16 have not been used, the time period 
of the stream packet transmission area SPA is narrowed 
to T3. In contrast, the time period of the asynchronous 
transmission area ASYNCA is increased to T4. 
[0038] In addition, when the stream packet transmis- 

10 sion area SPA has not been used, as shown in Fig. 6C, 
time period T5 of one frame except for the control area 
MA is used for the asynchronous transmission area 
ASYNCA. 

[0039] Thus, the time period of the stream packet 
IS transmission area SPA and the time period of the asyn- 
chronous transmission area ASYNCA of one frame are 
adaptively varied corresponding to a communication 
state. Consequently, two types of data transmission of 
data streams and asynchronous data can be effectively 
20 performed. 

[0040] In this system, the transmission data has a 
frame structure as shown in Fig. 3. Each frame has the 
stream packet transmission area SPA and the asynchro- 
nous transmission area ASYNCA. Chronologically con- 
25 tinuous data streams such as audio data and video data 
are transmitted with time slots SL1 , SL2. ... in the stream 
packet transmission area SPA. In contrast, the asyn- 
chronous data is transmitted in the asynchronous area 
ASYNCA. Thus, data transmitted through a digital inter- 
ne face having an isochronous transmission mode and an 
asynchronous transmission mode (as with the IEEE 
1394 interface) can be wirelessly transmitted. In addi- 
tion, corresponding to the uses of the time slots SL1, 
SL2, .... the time period of the stream packet transmis- 
35 sion area SPA and the time period of the asynchronous 
transmission area ASYNCA can be adaptively varied. 
Consequently, when isochronous data is scarcely trans- 
mitted, the wireless transmission path can be allocated 
to the transmission of the asynchronous data. As a re- 
40 suit, data can be effectively transmitted. 

[0041] When the time period of the stream packet 
transmission area SPA and the time period of the asyn- 
chronous transmission area ASYNCA are adaptively 
varied corresponding to the uses of the time slots SL1 , 
45 SL2, .... if unallocated time slots SL1 . SL2, ... are the 
last time slots in the stream packet transmission area 
SPD, the time period of the asynchronous transmission 
area ASYNCA can be increased. However, if unallocat- 
ed time slots SL1 . SL2, ... are the top time slots or inter- 
50 mediate time slots, it is difficult to increase the time pe- 
riod of the asynchronous transmission area ASYNCA. 
[0042] In other words, as shown in Fig. 7 A, it is as- 
sumed that one frame has slots SL1 to SL16, that a data 
stream Dl is transmitted with the time slots SL1 to SL3, 
55 that a data stream D3 is transmitted with the time slots 
SL4 to SL8, that a data stream D5 is transmitted with 
the time slots SL9 and SL10, and that a data stream D7 
is transmitted with the time slots SL11 to SL16. At this 
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point, since the data streams D1. D3, D5, and D7 are 
transmitted with all the time slots SL1 to SL16, the time 
period of the stream packet transmission area SPA is 
T1 1 . On the other hand, the time period of the asynchro- 
nous transmission area ASYNCA is T12. 
[0043] After the data stream D7 has been transmitted, 
the time slots SL11 toSL16 used for the data stream D7 
can be unallocated. When the last time slots SL11 to 
SL16 followed by the asynchronous transmission area 
ASYNCA are unallocated, as shown in Fig. 7B, the time 
period of the time slots SL11 to SL16 can be used for 
the time period of the asynchronous transmission area 
ASYNCA. Thus, as shown in Fig. 7B. the time period of 
the stream packet transmission area SPA is decreased 
to T1 3. In contrast, the time period of the asynchronous 
transmission area ASYNCA is increased to T14. 
[0044] After th e data stream D 1 has been transmitted, 
although the time slots SL1 to SL3 for the data stream 
D1 are unallocated, as shown in Fig. 7C, since the un- 
allocated time slots SLl to SL3 are not directly followed 
by the asynchronous transmission area ASYNCA, the 
time period of the asynchronous transmission area 
ASYNCA is not increased. In other words, the time pe- 
riod of the stream packet transmission area SPA is still 
Til. Likewise, the time period of the asynchronous 
transmission area ASYNCA is still T12. 
[0045] To solve such a problem, when a time slot is 
unallocated, a time slot allocation changing process for 
causing an unallocated time slot to be placed at the end 
of the stream packet transmission area SPA and thereby 
the asynchronous transmission area to be widened is 
performed. 

[0046] In other words, as shown in Fig. 8 A, it is as- 
sumed that one frame has time slots SLl to SLl 6, that 
a data stream D1 is transmitted with the time slots SL1 
to SL3, that a data stream D3 is transmitted with the time 
slots SL4 to SL8, that a data stream D5 is transmitted 
with the time slots SL9 and SLl 0, and that a data stream 
D7 is transmitted with the time slots SL11 to SLl 6. 
[0047] As shown in Fig. SB. after the data stream D1 
has been transmitted, the time slots SLl to SL3 for the 
data stream D1 are unallocated. 
[0048] In this case, since the three time slots SLl to 
SL3 have been unallocated, the last three time slots 
SLl 4 to SLl 6 for the data stream D7 are moved to the 
positions of the time slots SLl to SL3. Thus, as shown 
in Fig. 8C, the last three time slots SL14toSL16 become 
blank. As shown in Fig. 8D. the blank area of the three 
slots SLl 4 to SLl 6 is used for the asynchronous trans- 
mission area ASYNCA. Thus, the asynchronous trans- 
mission area ASYNCA is widened. 
[0049] Fig. 9 is a flow chart showing the time slot 
changing process. In Fig. 9, after data streams have 
been transmitted between the wireless nodes WN1, 
WN2, . . . and time slots for a data stream have been un- 
allocated (at step S31), information of the unallocated 
time slots is obtained (at step S32). In addition, informa- 
tion of the last time slot that has been unallocated Is ob- 
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talned (at step S33). The last time slot is changed to the 
position of the unallocated time slot and the allocation 
of the changed time slot is transmitted (at step S34). 
[0050] When a time slot is unallocated, the last time 
£ slot is changed to the position of the unallocated time 
slot. Thus, the last time slot becomes a blank time slot. 
Consequently, the asynchronous transmission area can 
be widened. 

[0051] In the above-described example, the last time 
slot is changed to the position of an unallocated time 
slot. However, in this case, data streams do not accord 
allocated time slot numbers. In other words, in the ex- 
ample shown in Figs. 8A to 8D. the data stream D7 is 
divided into a data stream of the time slots SL1 to SL3 
and a data stream of the time slots SL11 to SL1 3. Thus, 
as shown in Figs. 1 0A to 10E, a process for causing data 
streams to be placed in successive time slots is per- 
formed. 

[0052] As shown in Fig. 10A. it is assumed that one 
frame has time slots SLl to SLl 6, that a data stream D1 
is transmitted with the time slots SLl and SL2, that a 
data stream D3 is transmitted with the time slots SL3 to 
SL5, that a data stream D4 is transmitted with the time 
slots SL6 and SL7, and that a data stream D5 is trans- 
mitted with the time slots SL8 to SLl 6. 
[0053] As shown in Fig. 108. after the data stream D1 
has been transmitted, the time slots SL1 and SL2 for the 
data stream D1 are unallocated. 

[0054] A data stream that uses the same number of 
time slots as the time slots SLl and SL2 for the data 
stream D1 is searched. In this case, since the data 
stream D4 uses the time slots SL6 and SL7, the data 
stream D4 is obtained. In this case, as shown in Fig. 
IOC, the data stream D4 is moved from the positions of 
the time slots SL6 and SL7 to the positions of the time 
slots SLl and SL2. 

[0055] Thereafter, as shown in Fig. 10D. the last two 
time slots SLl 5 and SLl 6 for the data stream D5 are 
moved to the positions of the time slots SL6 and SL7. 
[0056] Thus, as shown in Fig. lOD, the last two time 
slots SLl 5 and SLl 6 become blank. As shown in Fig. 
10E, the two blank time slots SLl 5 and SLl 6 are used 
for the asynchronous transmission area ASYNCA. 
Thus, the asynchronous transmission area ASYNCA is 
widened. 

[0057] Fig. 1 1 is a flow chart showing the above-de- 
scribed sophisticated time slot position changing proc- 
ess. In Fig. 11 , after a data stream has been transmitted 
between the wireless nodes WN1, WN2, ... and then 
time slots for the data stream has been unallocated (at 
step S41), information of the unallocated time slots is 
obtained (at step S42). Thereafter it is determined 
whether or not successive time slots have been unallo- 
cated (at step S43). 

[0058] When successive time slots have been unallo- 
cated, it is determined whether or not there is a data 
stream using the same number of time slots as the un- 
allocated time slots (at step S44). 
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[0059] When there is a data stream using the same 
number of time slots as the unallocated time slots, it is 
determined whether or not the slots for the obtained data 
stream can be substituted with the unallocated time 
slots (at step S45). When the slots for the obtained data 
stream can be substituted with the unallocated time 
slots, the relevant time slots are substituted and infor- 
mation of the allocation of the changed slots is transmit- 
ted (at step S46). Thereafter, information of the last lime 
slot is obtained (at step S47). The last time slot is 
changed to the position of the blank time slot. Informa- 
tion of the allocation of the changed time slots is trans- 
mitted (at step S48). 

[0060] When there is no data stream using the same 
number of time slots as the unallocated time slots at step 
S43 or when the relevant time slots cannot be substitut- 
ed at step S45, the flow advances to step S47. At step 
S47. information of the last time slot is obtained. The 
last time slot is changed to the position of the blank time 
slot and information of the changed allocation of time 
slots is transmitted (at step S48). 
[0061] Next, the structure of each of the wireless 
nodes WNI. WN2, ... and WNB will be described. Fig. 
12 shows the structure of each of the wireless nodes 
WN1, WN2, ... and WNB. The structure of each of the 
wireless nodes WNB as the controlling station is the 
same as the structure of the WNI , WN2, as the commu- 
nicating stations. 

[0062] As shown in Fig. 12, each of the wireless nodes 
WNI, WN2, ... and WNB has an IEEE 1394 digital inter- 
face 11. The IEEE 1394 digital interface 11 supports 
both chronologically continuous data (isochronous da- 
ta) (such as digital audio data and digital video data) and 
asynchronous data (such as commands). 
[0063] Each of the wireless nodes WN1, WN2. and 
WNB has an encoding/decoding portion 12, a radio fre- 
quency transmission processing portion 1 3, a transmis- 
sion control managing portion 14, and a connection in- 
formation storing portion 15. 

[0064] The encoding/decoding portion 12 performs 
an encoding process for transmission data and a decod- 
ing process for reception data. When a data stream is 
transmitted, the encoding/decoding portion 12 performs 
an error correction encoding process for the data stream 
with a block code. In addition, the encoding/decoding 
portion 12 performs an error correcting process for re- 
ception data. 

[0065] The radio frequency transmission processing 
portion 13 performs a modulating process for a trans- 
mission signal, converts the resultant signal into a signal 
of a predetermined frequency, amplifies the power of the 
resultant signal, extracts a signal of a particular frequen- 
cy from the reception signal, converts the resultant sig- 
nal into a signal of en intermediate frequency, and per- 
forms a demodulating process for the resultant signal. 
A variety of modulating methods have been proposed. 
Examples of the modulating methods are QPSK and 
multi-value QAM modulating method. Alternatively, the 
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resultant data may be secondarily modulated by spec- 
trum dispersing method or OFDM (Orthogonal Frequen- 
cy Division Multiplexing) method. 
[0066] The transmission control managing portion 14 

s manages data transmission. In other words, as de- 
scribed above, in this system, data is transmitted as 
frames. Data streams such as digital video data are 
transmitted with time slots. When asynchronous data Is 
transmitted, an acknowledgment signal is sent back. 

70 When the acknowledgment signal is not sent back, a re- 
transmitting operation is performed. The transmission 
control managing portion 14 performs such a data trans- 
mitting process. 

[0067] The connection information storing portion 15 
is stores network connection information that represents 
what data streams use what time slots. The connection 
information is transmitted and received as management 
area information as described above. 
[0068] The wireless node WNB as the controlling sta- 
tion transmits management information in the control ar- 
ea MA at the beginning of each frame. To transmit the 
management information, the transmission control 
managing portion 14 outputs the management informa- 
tion to the encoding/decoding portion 12. In the time pe- 
riod of the control area MA at the beginning of the frame, 
an output signal of the encoding/decoding portion 12 Is 
supplied to the radio frequency transmission processing 
portion 13. The radio frequency transmission process- 
ing portion 13 modulates the signal in a predetermined 
modulating method, converts the resultant signal into a 
signal of a predetermined transmission frequency, and 
amplifies the resultant signal In a desired power level. 
An output signal of the radio frequency transmission 
processing portion 13 is transmitted from an antenna 16. 
[0069] When a data stream is transmitted, the data 
stream is supplied to the encoding/decoding portion 12 
through the digital interface 11. The encoding/decoding 
portion 1 2 adds an error correction code as a block code 
to the data stream. Under the control of the transmission 
control managing portion 14, the data stream is allocat- 
ed to predetermined time slots. In the time period of the 
allocated time slot, an output signal of the encoding/de- 
coding portion 12 is supplied to the radio frequency 
transmission processing portion 13. The radio frequen- 
cy transmission processing portion 13 modulates the 
signal in a predetermined modulating method, converts 
the signal into a signal of a predetermined transmission 
frequency, amplifies the resultant signal in a desired 
power level, and transmits the resultant signal from the 
antenna 16. 

[0070] When asynchronous data is transmitted, the 
asynchronous data is supplied to the encoding/decod- 
ing portion 12 through the digital interface 11. The en- 
coding/decoding portion 12 arranges the asynchronous 
data into a predetermined data sequence. Since a re- 
transmitting operation is performed for the .asynchro- 
nous data, an error correction code encoding process 
Is not performed for the asynchronous data. Under the 
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control of the transmission control managing portion 14, 
the transmission timing of the data is designated. In the 
time period of the asynchronous transmission area 
ASYNCA at the end of the frame, an output signal of the 
encoding/decoding portion 12 is supplied to the radio 
frequency transmission processing portion 13. The ra- 
dio frequency transmission processing portion 13 mod- 
u lates the signal In a predetermined modulating method, 
converts the resultant signal into a signal of a predeter- 
mined transmission frequency, amplifies the resultant 
signal In a desired power level, and transmits the result- 
ant signal from the antenna 16. 

[0071] When data Is received, a signal that is received 
from the antenna 16 is supplied to the radio frequency 
transmission processing portion 13. The radio frequen- 
cy processing portion 13 converts the reception signal 
into a signal of an intermediate frequency, and demod- 
ulates the resultant signal into a base band signal. 
[0072] When information in the control area MA is re- 
ceived, in the time period of the control area MA, under 
the control of the transmission control managing portion 
1 4, an output signal of the radio frequency transmission 
processing portion 1 3 is supplied to the encoding/de- 
coding portion 12. The encoding/decoding portion 12 
decodes the information in the control area MA. The in- 
formation in the control area MA is supplied to the trans- 
mission control managing portion 14. When the infor- 
mation in the control area MA contains management ar- 
ea information for managing the network, the manage- 
ment area information is supplied to the transmission 
control managing portion 14. 

[0073] When a data stream is received, under the 
control of the transmission control managing portion 14, 
in the time period of a predetermined time slot in the 
stream packet transmission area, an output signal of the 
radio frequency transmission processing portion 13 is 
supplied to the encoding/decoding portion 12. The en- 
coding/decoding portion 1 2 performs an error correcting 
process for the data stream transmitted with the prede- 
termined time slots. An output signal of the encoding/ 
decoding portion 1 2 is supplied to a predetermined unit 
through the digital interface 11. 

[0074] When asynchronous data is received, in the 
time period of the asynchronous transmission area 
ASYNCA, an output signal of the radio frequency trans- 
mission processing portion 1 3 is supplied to the encod- 
ing/decoding portion 12. When the asynchronous data 
is received, under the control of the transmission control 
managing portion 14, a data re-transmitting operation is 
performed. In other words, when asynchronous data is 
received by a designated unit, it is determined whether 
or not the asynchronous data has been securely re- 
ceived by the designated unit. When the asynchronous 
data has been securely received by the designated unit, 
an acknowledgment signal is transmitted to the trans- 
mitting side. When the asynchronous data has not been 
securely received by the designated unit, a data re- 
transmission request is transmitted to the transmitting 



side. After the asynchronous data has been securely re- 
ceived, the asynchronous data is output to a relevant 
unit through the digital interlace 11 . When the asynchro- 
nous data contains management area information for 
s managing the network, the management area Informa- 
tion Is transmitted to the transmission control managing 
portion 14. 

[0075] In the system according to the present inven- 
tion, a data stream is transmitted with slots of a frame. 

10 In contrast, asynchronous data Is transmitted at the end 
of the frame. An error correction code is added to the 
stream data to correct an error thereof. A re-transmitting 
operation is performed for the asynchronous data. The 
asynchronous data area is dynamically allocated corre- 

15 sponding to uses of slots so as to effectively transmit 
data streams and asynchronous data with a frame. 
When a slot is unallocated, the position thereof is 
changed. Thus, the asynchronous transmission area is 
widened. The size of one frame, the size of one slot, and 

20 the number of allocated slots are properly designated 
corresponding to transmission conditions. In the above- 
described embodiment, the stream transmission area is 
followed by the asynchronous transmission area. How- 
ever, the relation between the stream transmission area 

25 and the asynchronous transmission area is not limited 
to the above-described example. In other words, the 
stream transmission area may be preceded by the asyn- 
chronous transmission area. 

[0076] The present invention is a wireless transmitting 
30 method, comprising the steps of formirig a frame having 
a predetermined time period, placing a stream transmis- 
sion period and an asynchronous transmission period 
in the frame, the stream transmission period having a 
predetermined number of time slots for transmitting da- 
35 ta, allocating isochronous data to the time slots, trans- 
mitting the isochronous data in the stream transmission 
period, and transmitting asynchronous data in the asyn- 
chronous transmission period. In addition, the stream 
transmission period and the asynchronous transmission 
40 period are adaptively varied. Thus, two types of data 
transmission of data streams and asynchronous data 
can be effectively performed. 

[0077] In addition, the present invention is a wireless 
transmitting method, comprising the steps of forming a 

45 frame having a predetermined time period, placing a 
stream transmission period and an asynchronous trans- 
mission period in the frame, the stream transmission pe- 
riod having a predetermined number of time slots for 
transmitting data, allocating isochronous data to the 

50 time slots, transmitting the isochronous data In the 
stream transmission period, transmitting asynchronous 
data in the asynchronous transmission period, and 
changing the allocation of the time slots and widening 
the asynchronous transmission period of the frame so 

55 as to gather the asynchronous transmission period 
when a time slot is unallocated. Thus, two types of data 
transmission of data streams and asynchronous data 
can be effectively performed. 
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[0078] Moreover, the present invention is a wireless 
transmitting method, comprising the steps of forming a 
frame having a predetermined time period, placing a 
stream transmission period and an asynchronous trans- 
mission period in the frame, the stream transmission pe- 
riod having a predetermined number of time slots for 
transmitting data, allocating isochronous data to the 
time slots, transmitting the isochronous data In the 
stream transmission period, transmitting asynchronous 
data in the asynchronous transmission period, search- 
ing a data stream having time slots that are unallocated, 
and placing the time slots of the searched data stream 
to the positions of the unallocated time slots so as to 
gather and widen the asynchronous transmission peri- 
od. Thus, continuity of time slots for a data stream can 
be maintained. 

[0079] Having described a specific preferred embod- 
iment of the present invention with reference to the ac- 
companying drawings, It is to be understood that the in- 
vention is not limited to that precise embodiment, and 
that various changes and modifications may be effected 
therein by one skilled In the art without departing from 
the scope or the spirit of the invention as defined in the 
appended claims. 
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wherein the time slots are allocated with data 
in a control area of the frame. 

A wireless transmitting method, according to claim 
1 , further comprising the step of: 

changing the allocation of the time slots and 
widening the asynchronous transmission period of 
the frame so as to gather the asynchronous trans- 
mission period when a time slot Is unallocated. 

A wireless transmitting method according to claim 
1 , further comprising the steps of: 

searching a data stream having time slots that 
are unallocated; and 

placing the time slots of the searched data 
stream to the positions of the unallocated time 
slots so as to gather and widen the asynchro- 
nous transmission period. 



Claims 



A wireless transmitting method, comprising the 
steps of: 



forming a frame having a predetermined time 
period; 

placing a stream transmission period and an 
asynchronous transmission period in the 
frame, the stream transmission period having 
a predetermined number of Wrne slots for trans- 
mitting data; 

allocating isochronous data to the time slots; 
transmitting the isochronous data In the stream 
transmission period; and 
transmitting asynchronous data In the asyn- 
chronous transmission period. 



35 



40 



The wireless transmitting method as set forth in 
claim 1, 

wherein the stream transmission period and 
the asynchronous transmission period are adap- 
tively varied. 

The wireless transmitting method as set forth in 
claim 1 or 2, 

wherein the time slots are allocated with asyn- 
chronous data transmitted in the asynchronous 
transmission period. 



4. The wireless transmitting method as set forth in 
claim 1 , 2 or 3, 
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